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Introduction

In response to interest expressed by the international aviation
community, in the person of the ICAO, we undertook to construct
(2) values of the maximum wind speed at each gridpoint output from the
spectral forecast model and (b) the pressure level at which the maximum
wind was found. In doing this we assumed that the available input data
was the u and v wind components at the mandatory levels of the atmosphere,
as produced, in gridded form, by either the operational analysis program
(at present the Hough system) or the spectral forecast model, SMG3C.
The latter information is available at any of the standard forecast
output hours (FO0 - no forecast, just in and out of the model's sigma
coordinates, F06, Fl12, F18, F24, etc.). '

We also decided that we would make use of already available programmes
(i.e. a tropopause finder that had fallen into disuse) rather than attempt
any extensive development. The results of this patchwork activity are
presented here and, at first blush, appear to be adequate.

Method

The principal tool available was a collection of strictly mathematical
codes (part of the IBM SSP, and other OMCS supplied codes) which will:

1. fit a 4th order polynomial exactly to 5 points of data;
2. calculate the derivative;
3. find the real (and imaginary) roots of the derivatiﬁe polynomialj;

4, using the real roots, find the 1argest of the maxima (or smallest
of the minima) of the original 5 point polynomial.

The available data are, as mentioned previously, the wind components
at the mandatory levels; we chose to find the level of maximum speed, of
course, and not the level(s) of maximum u and v components. Further we
elected to use ln(p) rather than p as the independent variable of the
polynomial fitter.

Codes were then constructed to find the maximum speed at three
overlapping sets of 5 adjacent speed vs 1n(p) points between 500 mb and
100 mb, inclusive. We were not interested in any wind maxima existing
below the 500 mb level; forecast data fields were not available above
the 100 mb level. Given that wind speeds are available at 500 mb, 400 mb
300 mb, 250 mb, 200 mb, 150 mb, and 100 mb (or their 1n(p) equivalents),
the three maxima of the three sets of five points from 500 to 200, 400
to 150, and 300 to 100 are found by repeated applications of the mathe-

"matical tools. Then the greatest of those three maxima, and the corre-
sponding pressure, is selected as the maximum wind value and the pressure
level of that wind. This process repeats for all the gridpoints in the
field.
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It turned out, as you will see in the examples to follow, that the
field of maximum speed showed a quite satisfactorily coherent pattern,
the pressures to some extent did not. 1In the regions of a well defined
jet, as found in the max wind field, the pressures are quite coherent;
in areas where the calculated max winds are light the pressures were
extremely variable with two and three hundred millibar changes from
point to neighboring point not uncommon. Presumably without a well
defined and strong maximum wind in the input data, the mathematical
tools act erratically. The saving grace, however, is that where the
winds are not particularly strong, it matters little where any maxima
may be. Clearly the best of all possible worlds. TIncidentally the
difficulty in generating a coherent max wind level chart from the computer
reflects experience of some operational meteorologists attempting the
same activity subjectively.

In order to improve the esthetics of the output maps the pressure
fields were twice smoothed by the NMC "“Operational™ 9-point smoother-
desmoother. (That's the one that does three passes: once with a smooth-
ing coefficient of 0.5, once with a complex .coefficient of -0,22227 +
0.6424i, and once with the complex conjugate of the second pass coefficient).
The wind fields were left alone.

Sample Results

, Here are some examples of how the fields in question look when
gridprinted, TFigure 1 shows the geographical location of the fields for
reference. Figures 2a and b are the max wind speed (in knots, contoured
in 20 kt intervals) and max speed level pressure (in millibars, contoured
every 25 mb). Both are derived from the Hough Analysis for 00Z 20 Mar 81.
As can be seen the wind field is very well behaved as is at least a
portion of the pressure field. Recall the pressure (but not the winds)
have been smoothed.

_ Figures 3a and b are the speed and pressure again (draw your own
contours - mine don't look so good) but derived from the information
on the FOO file, that is after the information have been interpolated
into and back out of the 12 sigma layers of the spectral model. The
loss of intensity is observable but ‘a not unexpected consequence of two
vertlcal interpolations,

Finally Figure 4a and b are the 24 hour forecasts of the wind and
max level, No surprises there,

A couple of more general remarkSese..

These examples show a tendency for the pressure patterns to be more
chaotic to the north of the jet stream than south. This is characteristic
of other days and regions I have looked at, but T can't say that it

has any particular significance. It does agree conceptually with various
zonal mean cross sections of winds one can see in textbooks — north of

the jet core the isotachs are often drawn nearly vertical while south of
the jet they show a more pronounced maximum. A no vertical shear wind
pattern would certainly cause the mathematical maximum finder some
difficulty and could lead to the eratic results of the figures. The
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climatological cross-sections also show the south-of-the-jet maximum
level climbing as one follows it southward - this agrees with the figures

in hand.

Use of These Fields

The.current ICAQ interest in these max wind determinations centers
on adding an hhfff group to the aviation digital forecast. Perhaps, as
was suggested by others, it would be wise to include the hhfff group only
when the wind speed exceeds a critical value, 70 kts says, to avoid
transmitting meaningless "light" wind level information. On the figures
the 70 kts isotach seems to be sort of a boundary between the chaotic and
coherent regions of the max level map.

If' graphical display of this information was desired a similar end
could be obtained by surpressing the contouring of both the max wind
chart and the max wind level chart wherever the 70 kt threshold was not
exceeded.
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